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? 3.7? ???????[44] 
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?  
? 3.8? ???????????????????[44] 
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• 1?????????????? 7.1????? 









???? 1?? ? ?  ? ? ? ? ?? 
???? ? ? ? ? ?  ? ?   0.5??1.0??1.5??2.0? 
???? 2?? ? ? ? ? ? ? ? ? ? ? 300? 
????? 
(?) ????????? 0.5?????? 1?????? 300? 
(?) ????????? 1.0?????? 1?????? 300? 
(?) ????????? 1.5?????? 1?????? 300? 
(?) ????????? 2.0?????? 1?????? 300? 
(?) ??? 0.5?????? 1?????? 300? 
(?) ??? 1.0?????? 1?????? 300? 
(?) ??? 1.5?????? 1?????? 300? 
(?) ??? 2.0?????? 1?????? 300? 
? ? ? ? ? 1?? ??????cm×?cm?????????????? 





?????????????? ?  
(?) ????????????????? 0.5??1.0??1.5?? 2.0??
??????????????? 
(?) ??????????????????? 1?????? 300???
???????????? 








? 1.0L??????????????? 26???????? 4???????
??????????????????????????????1.0????
???????????????????????? 
? 3.1? ????????????? 
????????????????? 
????[hr] 0 24 48 72 96 120 144 168 
0.5 [L] 0  0  4  4  4  4  4  4  
1.0 [L] 0  4  4 4  4  4  4 4  
1.5 [L] 0  0  0  0  0  0  0  0  
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????????????????? 
???? [hr] 0 24 48 72 96 120 144 168 
?+? 0 4  4 8 8 8 8  8 
NB+? 0 4 8 8 12  12  12 12 
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? 3.4? ?????????????????????????? 
????????????????? 
???? [hr] 0 24 48 72 96 120 144 168 
????????
?FeSO4?7H2O 
0 8  31  42  42  46  46 46 
????????
?CaCl2 
0 4 23 35 38 42 42 42 
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???????? →? 25.265???? 
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??? ? ? ? ? ? →? 0.825???? 
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⋅= maxµµ  (1) 
???? S ????????????[ 3−⋅mkg ]????? µ????????
??[ 11 −− ⋅⋅ skgkg ]? maxµ ????????????[ 11 −− ⋅⋅ skgkg ]? SK ???



























































? 4.4? ???????? 
Monod?????????????????????????????????





























−=  (4) 
????????m????????????? 1/2????????????
? 1 ????????????????????? mT ???????????








kd +=  (5) 








kd ≅  




























==   (4) 
???? ????????????????????????????????
?70? 

























dT −⋅−=   (6)  
???? ????????????????????????????????
?71? 
????T??????[K]? outT ?????[K]? K???????????
??????K??????????? 










  (7) 
??????????????????? 
( ) ∫∫ ⋅−=− dtKdTT 2981   
( ) Ktn CeTCKtT −+=⇒+−=− 298     298ln  (8) 
?????????????? 
? T=308[K], t=0[hr] 
? T=303[K], t=48[hr] 
???????????K?????????????????????(8)??
?????? 
( )298014.0 −−= T
dt
dT












++−−=  (9) 
??????? 1Q ?????????????M ?????????????
??(10)?????? 
dt
dMQ ⋅= α1   (10) 
???? 






























++−−=   (9) 
dt
dMQ ⋅= 221   (10) 
)()( tMtX
dt














⋅= µµ   (14) 
????T???????[K]? outT ?????[K], 1Q ????? 2Q ?????
?????[KJ]?M ???????[g?L-1]?v?????????[g?hr-1]?X ?
????[g?L-1]?µ?????????[hr-1]?S????[g?L-1]? SXY / ????




maxµ ?0.036 [hr-1] 
SK ?26 [g/L] 
???? ????????????????????????????????
?74? 
SXY / ?0.21 [g/L] 
v?0.005 [g/hr]  
???? R?0.008314 [kJ/K?mol] 
??????? Ea?7390.941 [kJ/mol] 
????4.184 [kJ/g?K]  
????????????????? 
X ?0.5 [g/L] 
S ?71 [g/L] 
M ?18 [g/L] 
































?????? 4.8????  
 
 



































? 4.9  ????????????????? 
???? ????????????????????????????????
?78? 






























ττ  (12) 
????u??????manipulated variable?? e????error?? PK ?????








































? 4.11 ??????????????? 




















KsP −+= 1)(  (13) 
????K???????T????? L????????? 
?????T? L???4.12???????????????????????




















































+−+−+=   (14) 
? 4.1?  ????? K?T ? L 
  K T L 
M(1) 1.9 56.0 30.0 
M(2) 0.1 2.0 10.0 M 
M(3) 1.9 92.0 130.0 
































? 4.2? ????????????????? 
 KP TI TD 
P?? T/L -- -- 
PI?? 0.9T/L 3.3L -- 




? 4.3  ???????? PI???????? 
  KP TI TD 
M(1) 1.68 6.16 0 
M(2) -0.18 0.66 0 PI??_M 
M(3) -0.64 2.34 0 
PI??_T  0.38 1.39 0 






















V?0.005 [g/hr]  
???? R?0.008314 [KJ/K?mol] 
???????Ea?7390.941 [KJ/mol] 
????4.184 [KJ/g?K]  
??????? 308K?313K?318K? 323K ?????????????????
















? 4.15  308K?????????????????? 
 




? 4.17  318K?????????????????? 
 




























































































(LOM: Large scale database-based Online Modeling) 
????????????????????????????????JIT????
??????? 
????? ?????????? ???????????[33],[34] 
???????????????????????????????????
???????????? 












)(tu ???t ????????????????? 
)(ty ???t ????????????????? 
un ? ???????????? 
yn ? ???????????? 
p ? ????? 
d ? ????? 
???? LOM??????????????????
?93? 
f ? ????????? 
t ?  ??? 
?????(15) ?????????? un ?????????????????
???? yn ???????????????? 
??????????????? kx ?????? ky ??(16)??(17)????
??????? 
)( pkyyk +=  (16) 













????????????? kx ??????? ky ???????? ),,( 11 yx  
),,( 22 yx  ,L ????????????????????????? )},,{( kk yx  
),2,1( L=k ????????????????k??????????????
JIT?????????????????????????? )},{( kk yx ????
??? f ???????????? 
?????? t????????????????????????????
???? )},{( qq kk yx ????(Query)???????“???”????????


















































??????????? kx ???????????????????? kX ?
????????????????? kx ??????? 
( ) ),...,2,1(, nixZX ikk ==   (18) 
???? ( )⋅Z ????????n??????? kX ????????????? 
???????? ikX ? jkX ????? ),( ji kkS ?  
?
∞
−= ji kkji XXkkS ),(   (19) 
?????????? ∞⋅ ?∞????????????“???”???? qkx ?
??????? q
kX ???“???”???? qkx ?????? 
































  (21) 
??????????m?????????????????????? iw ?











dw   (22) 






























































iy −++−++++= L   (23) 



























?????????? 5.4??????????????? 241??? 4???
?????????????????????? 
??????????6 ?????????????? 1206 ???????
???? LOM??????????????????
?100? 
??????????????? A?????????? 18???????? 
???????????? 5.1????1???????? A???????
???????20 ???60 ???120 ???140 ??????? A????20







































































































































???????? A? 1??????? 200????????????????
????? LOM ??????????? 5.5(a)??????????????
????????????????????????????????????
???????? LOM??????????? 5.5 (b)???????????
?????????????????????????????? Savitzky-Golay 







































????? ????? ???? ? ???? ????? ????? ?????
 






































?????? ?????? ????? ? ????? ?????? ?????? ??????
 







































?????? ?????? ????? ? ????? ?????? ?????? ??????
 
(c) Savitzky-Golay ???????????????? LOM???? 


















































































































(b)???????????????????? A???  



















































































(b) ???????????????????? A??? 






























































5.9 ????????0 ??????????????? 6 ??????? 1 ?






1) ?????? B?????? 96.2 [%] ?????? 
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